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PROBLEM TO BE SOLVED: To provide a method capable of easily 
performing minute pattern forming of carbon nano-tube film and of forming 
a carbon nano-tube pattern of a good flatness, a good shape of a pattern 
end part, and improved reliability in isolation between elements. 
SOLUTION: When a pattern is formed with wet etching carbon nano-tube 6 
by a transferring method, solution used for dissolving binder used in the 
transferring method is used as solution used for wet etching and carbon 
nano- tube entangled during wet etching is scoured off with cloth-like 
matter 12. When the pattern is formed by dry etching for the carbon nano- 
tube, metal film or film of material not damaged during dry etching and not 
damaging the carbon nano-tube during removal is used as a mask. 
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♦NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] a substrate top — or the pattern- formation method of the carbon nanotube characterized by to twine and to rub 
said carbon nanotube which existed off while are the method of forming the pattern of a carbon nanotube by removing 
through a mask which fixed on a substrate with which a thin film was given to surface [ at least / a part of], and which 
formed in a predetermined pattern a carbon nanotube containing a binder which twined and existed and using the 
solution which dissolves said binder in removal of a carbon nanotube. 

[Claim 2] A pattern formation method of a carbon nanotube according to claim 1 which rubs a carbon nanotube off by 
quality of a blanket-like object while removing a carbon nanotube by including a solution used for removal in quality of 
a blanket-like object, and ****(ing) a carbon nanotube qualitatively [ said ] of a blanket-like object. 
[Claim 3] A pattern formation method of a carbon nanotube according to claim 1 or 2 that a mask consists of a metal, 
glass, or ceramics. 

[Claim 4] A carbon nanotube is the pattern formation method of a carbon nanotube given in any 1 term of claims 1-3 
which are the nanotubes containing nano particle. 

[Claim 5] Or it is the method of forming a pattern of a carbon nanotube by removing some carbon nanotubes which 
fixed on a substrate with which a thin film was given to surface [ at least / a part of] by the 1st dry etching method, a 
substrate top — It is the material which does not receive a damage as a mask in pattern formation of a carbon nanotube at 
the time of a metal membrane or said 1st dry etching. A pattern formation method of a carbon nanotube characterized by 
using a film of material which does not give a damage at a carbon nanotube at the time of said mask removal. 
[Claim 6] Said 1st dry etching method is the pattern formation method of a carbon nanotube characterized by being the 
method of burning in an oxygen ambient atmosphere. 

[Claim 7] A pattern formation method of a carbon nanotube according to claim 5 or 6 that a metal membrane is an 
aluminum film, a titanium film, a gold film, a molybdenum film, a tungsten film, or a silver film. 
[Claim 8] A pattern formation method of a carbon nanotube according to claim 5 or 6 that it is the material which does 
not receive a damage at the time of said 1st dry etching, and a film of material which does not give a damage to a carbon 
nanotube at the time of removal is a silicon dioxide film or an aluminum oxide film. 

[Claim 9] A carbon nanotube is the pattern formation method of a carbon nanotube given in any 1 term of claims 5-8 
which are a single wall nanotube or a multi-wall nanotube. 

[Claim 10] A single wall nanotube or a multi-wall nanotube is the pattern formation method of a carbon nanotube 
according to claim 9 which is a purification nanotube from which nano particle was removed. 
[Claim 1 1] A carbon nanotube is the pattern formation method of a carbon nanotube according to claim 1 to 9 of 
removing nano particle which is a nanotube containing nano particle and remained between patterns of a carbon 
nanotube by carrying out lift off of these some thin films [ at least ]. 

[Claim 12] A carbon nanotube is the pattern formation method of a carbon nanotube according to claim 5 to 9 of 
removing by the 2nd dry etching method that said 1 st dry etching differs nano particle which is a nanotube containing 
nano particle and remained between patterns of a carbon nanotube. 

[Claim 13] A pattern formation method of a carbon nanotube according to claim 12 of removing a catalyst metal with 
which said 2nd dry etching method constitutes said a part of nano particle [ at least ] from any one of sputter etching, 
chemical etching, reactant etching, reactant sputter etching, ion beam etching, and the reactant ion beam etching. 
[Claim 14] A carbon nanotube film is the pattern formation method of a carbon nanotube given in any 1 term of claims 
1-13 formed by screen printing, spray method, or replica method. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the pattern formation method of the carbon 

fine structure material containing a carbon nanotube. 

[0002] 

[Description of the Prior Art] The thing tough chemically and mechanically is known and the carbon nanotube attracts 
attention also as a material of an electron source. One or more cylinders with which the carbon nanotube rounded off the 
graphite-like carbon atomic plane of the number atomic layer of thickness in the shape of a tube become nest-like, and 
an outer diameter is [ length ] the very minute quality of tubing of mum order to nm order. That which one thing 
consisted the single wall nanotube and two or more cylinders consisted [ the cylinder ] nest-like of is called the multi- 
wall nanotube. 

[0003] As a generation method of a carbon nanotube, the arc discharge method, the CVD method, the laser ablation 
method, etc. are learned. The generated carbon nanotube is the thing of the shape of soot mixed with impurities, such as 
a particle of carbon other than a carbon nanotube. In the single wall nanotube and multi-wall nanotube which were 
formed especially by the arc discharge method, since a catalyst metal, for example, iron, nickel, cobalt, an yttrium, a 
lanthanum, etc. are needed in process of generation, it is the thing of the shape of soot in which the metal particle was 
also contained. Here, metal particles, such as a catalyst metal produced in process of impurities, such as a carbonaceous 
particle, or generation, are called nano particle. 

[0004] At the time of discharge, first, from the amorphous carbon with which amorphous carbon was covered and 
covered by the catalyst metal particle surface, two or more nanotubes grew and the purification process of the carbon 
nanotube by the arc discharge method is entangled with other nanotubes mutually. With the catalyst metal after 
formation, the surface is covered with the amorphous carbon thin film. Moreover, it is formed while a carbon particle 
also discharges, and there is a thing adhering to a nanotube, and two or more have joined together through a carbon 
particle depending on the case. Thus, the carbon nanotube is entangled by the particle. 

[0005] These nano particle can be removed from the carbon nanotube generated by the describing [ above ] arc 
discharge method comparatively easily. A carbon particle is a short time in an oxygen ambient atmosphere, for example, 
can be removed mostly, without producing deterioration of a nanotube in 15 minutes in about 450 degrees C among 
atmospheric air. A carbon particle with many association between carbon atoms with this imperfect tends to react with 
oxygen, and oxidation removal of the carbon particle is carried out alternatively. 

[0006] Furthermore, the amorphous carbon which is wearing a catalyst surface of metal is removed, and a catalyst metal 
is exposed to the surface with this production process. This catalyst metal, for example, cobalt, an yttrium, iron, nickel, 
and a lanthanum are removable by processing for 2 hours or more by after the above-mentioned heat treatment (for 
example, about 35% of hydrochloric acid). Since the carbon thin film of the shape of amorphous [ which was wearing 
the surface by heat treatment ] was removed, it can etch by acid treatment. Thus, it is called the carbon nanotube which 
had the carbon nanotube from which nano particle was removed refined. 

[0007] In order to use a carbon nanotube as an electron source, it is necessary to form on a substrate by using the soot 
carbon nanotube of the above as a carbon nanotube film. In order to use it as an electron source of a field emission 
display (FED) especially, the detailed pattern formation of a carbon nanotube film is required. 
[0008] In FED using a carbon nanotube, the gate electrode which pulls out an electron is located in the cathode upper 
part which used the carbon nanotube film, and the anode with which the fluorescent substance of red, green, and blue 
was further given to the upper part is arranged. Thus, the structure which consists of a cathode, the gate, and an anode is 
called triode structure. Although voltage is impressed to the gate, an electron is irradiated at a cash drawer and an anode 
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from the carbon nanotube which is a cathode and a fluorescent substance is made to color, the structure which an 
electron does not pour in can be formed in the gate by forming an insulator layer on a cathode, forming a cathode hole 
further, and forming a gate electrode around the hole on an insulator layer. Although form two or more said triode 
structures further, it is made to operate uniquely fundamentally and an image is expressed in FED therefore, the detailed 
pattern formation of a carbon nanotube film needs to be required, and it is necessary to make it operate independently 
electrically. In addition, since an anode electrode forms in the confrontation glass of FED separately, triode structure 
puts below the structure which consists of the cathodes, insulator layers, and gate electrodes which mainly consist of 
carbon nanotubes. 

[0009] As a method of forming in a predetermined pattern by using a carbon nanotube as a film, what used and carried 
out patterning of the adhesive tape to the predetermined pattern on the substrate at JP,2000-203821,A is put in into the 
solution which distributed the carbon nanotube, and after making a carbon nanotube deposit on a substrate by carrying 
out natural evaporation of the solution, the method of obtaining the carbon nanotube film of a predetermined pattern is 
indicated by exfoliating adhesive tape. The pattern is formed by more specifically putting the copper plate with which 
adhesive tape was put on the predetermined pattern into a beaker with the solution which distributed the carbon 
nanotube, carrying out the laminating of the carbon nanotube on a copper plate, and finally exfoliating adhesive tape by 
evaporating a solution. 

[0010] After making it distribute in a resist, applying a carbon nanotube to a substrate and exposing and developing it to 
a predetermined pattern, according to making the charge of a bridging adhere on a carbon nanotube, a carbon nanotube 
is fixed to a substrate and the method of leaving only a carbon nanotube and the charge of a bridging is indicated by 
carrying out lift off of the resist further by JP,6-252056,A. 

[001 1] The method of forming a carbon nanotube by screen-stencil on cathode metal wiring is reported to 99 Digest, 
and SID'pl 137 (1999) and SID'OO Digest and p329 (2000). 

[0012] How to form the slurry containing a carbon nanotube and a binder in Feng-Yu Chuang, SID00 Digest, and p329 

(2000) by screen-stencil as an electron source of FED is indicated. 

[0013] 

[Problem(s) to be Solved by the Invention] However, according to the method shown in JP,2000-203821,A A carbon 
nanotube twines each other intricately [ since a diameter is the quality of tubing with a very high aspect ratio whose 
length is several micrometers in several nm - dozens of nm ]. When the carbon nanotube made to deposit by natural 
evaporation on the substrate which stuck adhesive tape exfoliated a tape, it had the problem that an edge could be 
twined turned over, or could not overflow and it could not form a beautiful pattern. That is, since there was a length of 
several micrometers, in case natural evaporation of the carbon nanotube was carried out, when the carbon nanotube on a 
substrate and the carbon nanotube on adhesive tape would become entangled and accumulate and exfoliated adhesive 
tape, it was that by which a carbon nanotube remains in the portion which the carbon nanotube on a substrate also 
exfoliated in coincidence, or exfoliated adhesive tape. Moreover, the carbon nanotube film formed of natural 
evaporation was difficult to obtain a flat carbon nanotube film from a solvent not evaporating in homogeneity. 
[0014] Since according to the method of JP,6-252056,A the resist was made to distribute a carbon nanotube and 
patterning was carried out, in order to prevent stopping exposing, there was a problem that the density of the carbon 
nanotube in the film which was able to obtain the content of a carbon nanotube not much highly for a showy flaw and its 
reason will fall. 

[001 5] It was that to which the density of the carbon nanotube in the film which needed to be mixed with the solvent or 
the binder in order to ink-ize by the method of forming a pattern using 99 Digest, and SID f pl 137 (1999) and SID'OO 
Digest and the screen-stencil reported to p329 (2000) to screen-stencil, therefore was obtained like said JP,6-252056,A 
by this method falls. Moreover, when volatilizing the solvent in ink, it was difficult to volatilize homogeneity, and when 
a cavity was generated into the portion from which the solvent escaped, the problem that minute irregularity arose was 
in the carbon nanotube film. 

[0016] By Feng-Yu Chuang, SID00 Digest, and the screen-stencil method indicated by p329 (2000), although formation 
of about several 100-micrometer pattern was possible, formation of detailed pattern several 10 micrometers or less was 
difficult. 

[0017] Its configuration of a pattern edge is well good again, and surface smoothness aims this invention at offering the 
method of forming the carbon nanotube pattern whose reliability in the insulation between elements improved while it 
was made in view of the situation mentioned above and can perform detailed pattern formation of a carbon nanotube 
film easily. 
[0018] 

[Means for Solving the Problem] This invention offers a pattern formation method of a carbon nanotube shown in 
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following the (1) - (14), in order to attain said purpose. 

[0019] (1) a substrate top - or the pattern-formation method of the carbon nanotube characterized by to twine and to rub 
said carbon nanotube which existed off while are the method of forming the pattern of a carbon nanotube by removing 
through a mask which fixed on a substrate with which a thin film was given to surface [ at least / a part of ], and which 
formed in a predetermined pattern a carbon nanotube containing a binder which twined and existed and using the 
solution which dissolves said binder in removal of a carbon nanotube. 

[0020] (2) A pattern formation method of a carbon nanotube of (1) which rubs a carbon nanotube off by quality of a 
blanket-like object while removing a carbon nanotube by including a solution used for removal in quality of a blanket- 
like object, and ****(ing) a carbon nanotube qualitatively [ said ] of a blanket-like object. 
[0021] (3) (1) which a mask becomes from a metal, glass, or ceramics, or a pattern formation method of a carbon 
nanotube of (2). 

[0022] (4) A carbon nanotube is the pattern formation method of a carbon nanotube of (1) - (3) which is a nanotube 
containing nano particle. 

[0023] (5) Or it is the method of forming a pattern of a carbon nanotube by removing some carbon nanotubes which 
fixed on a substrate with which a thin film was given to surface [ at least / a part of] by the 1st dry etching method, a 
substrate top — It is the material which does not receive a damage as a mask in pattern formation of a carbon nanotube at 
the time of a metal membrane or said 1st dry etching. A pattern formation method of a carbon nanotube characterized by 
using a film of material which does not give a damage at a carbon nanotube at the time of said mask removal. 
[0024] (6) Said 1st dry etching method is the pattern formation method of a carbon nanotube characterized by being the 
method of burning in an oxygen ambient atmosphere. 

[0025] (7) (5) whose a metal membrane is an aluminum film, a titanium film, a gold film, a molybdenum film, a 
tungsten film, or a silver film, or a pattern formation method of a carbon nanotube of (6). 

[0026] (8) (5) whose a film of material which does not give a damage to a carbon nanotube at the time of removal it is 
the material which does not receive a damage at the time of said 1st dry etching, and is a silicon dioxide film or an 
aluminum oxide film, or a pattern formation method of a carbon nanotube of (6). 

[0027] (9) A carbon nanotube is the pattern formation method of a carbon nanotube of (5) - (8) which is a single wall 
nanotube or a multi-wall nanotube. 

[0028] (10) A single wall nanotube or a multi-wall nanotube is the pattern formation method of a carbon nanotube of (9) 
which is the purification nanotube from which nano particle was removed. 

[0029] (1 1) a carbon nanotube - nano ~ particle - having contained - a nanotube ~ it is ~ a carbon nanotube - a 
pattern - between - having remained — nano — particle — this - a thin film — at least — a part - lift off - carrying out - 
- things — removing — (— one — ) - (-- nine — ) — a carbon nanotube — pattern formation — a method . 
[0030] (12) A carbon nanotube is the pattern formation method of a carbon nanotube of (5) - (9) which removes by the 
2nd dry etching method that said 1st dry etching differs nano particle which is a nanotube containing nano particle and 
remained between patterns of a carbon nanotube. 

[0031] (13) A pattern formation method of a carbon nanotube of (12) which removes a catalyst metal with which said 

2nd dry etching method constitutes said a part of nano particle [ at least ] from any one of sputter etching, chemical 

etching, reactant etching, reactant sputter etching, ion beam etching, and the reactant ion beam etching. 

[0032] (14) A carbon nanotube film is the pattern formation method of a carbon nanotube of (1) - (13) formed by screen 

printing, spray method, or replica method. 

[0033] 

[Embodiment of the Invention] The example 1 of [example 1] this invention is explained using drawing 1 - dr awin g 4 . 
Drawin g 1 shows the condition that the single wall nanotube film 6 was formed by the replica method on the conductor 
wiring 4 formed in the substrate 2. 

[0034] A replica method impresses an ultrasonic wave etc. first and distributes a carbon nanotube in a solvent. Thereby, 
a nanotube is atomized and divided. Next, on a filter paper, suction filtration is slushed and carried out and a carbon 
nanotube thin film is formed. A nitrocellulose or ethyl cellulose is applied to a substrate as a binder, vertical reversal of 
the carbon nanotube film on a filter paper is carried out, and it imprints to a substrate. Next a filter paper is removed and 
a thin film is formed. Since the carbon nanotube film surface is a field adjacent to the filter paper surface, it serves as 
surface smoothness equivalent to the filter paper surface. 

[0035] The carbon nanotubes and nano particle of the shape of a pipe with a very high aspect ratio whose length a 
diameter is several micrometers in several nm - dozens of nm twine intricately, and suit this carbon nanotube film. 
[0036] In this example, as shown in drawing 2 , it arranges so that the mask 8 made with a metal, glass, the ceramics, 
etc. may be aligned with the conductor wiring 4 of a substrate. Here, alignment of conductor wiring and a mask can be 
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easily performed by using the eye alignment mark 10 formed in the portion outside a carbon nanotube field for 
arrangement of a mask. 

[0037] Then, the carbon nanotube and nano particle which used the quality 12 of a blanket-like object, such as the 
etching reagent which dissolves the binder component used for formation of the carbon nanotube film 6 as shown in 
drawing 3 , for example, the glass fiber in which the methyl ethyl ketone was included, ****(ed), twined, and existed 
are removed, and patterning of a carbon nanotube film is performed. Since the carbon nanotube film obtained by the 
replica method is very precise, the portion covered with the mask remains fixed on conductor wiring without dissolving, 
even if it **** using the quality of a blanket-like object containing an etching reagent. The configuration after carrying 
out patterning of the carbon nanotube film to drawing ^ was shown. 

[0038] Although the replica method was mentioned as the carbon nanotube film formation method, formation of the 
pattern to the carbon nanotube film formed using methods, such as screen-stencil and a spray method, is applicable 
similarly. 

[0039] When cellulose system fixing material, such as a nitrocellulose, is used with a replica method, volatility of a 
solvent, for example, a methyl ethyl ketone, is high, removal from a film is easy, and a residual volatile substance is 
removed by being drawn in at the time of membrane formation. Since the residual volatile substance is removed when 
electron emission of the electric field is impressed and carried out to a carbon nanotube film, ionization of residual gas 
is controlled. Therefore, the abnormality discharge by discharge and the element destruction by it are controlled, and the 
life of a display can be lived long. 

[0040] Moreover, in a replica method, since the density of a carbon nanotube film becomes high as compared with other 
membrane formation methods and the field which touched the flat filter paper at the time of suction turns into the upper 
surface, the surface becomes flat. When an insulator layer and gate membrane formation are besides given, as compared 
with other methods, it is easy to form the stable triode structure. On the other hand, in print processes, when printing by 
forming a pattern in a screen, a pattern can be formed. However, it is necessary to mix a paste, and moreover, as 
compared with a replica method, the density of a carbon nanotube is low, and the surface becomes rude. When an 
insulator layer and gate membrane formation are besides given, it is hard to form the stable triode structure. From the 
above thing, when this invention is used for the carbon nanotube film formed with the replica method, good isolation is 
possible and the stable triode structure can be formed. 

[0041] moreover - although a carbon nanotube and nano particle were removed using the quality 12 of a blanket-like 
object, such as a glass fiber in which the solvent was included, while sprinkling other methods, for example, a solvent, — 
brush bushes - carrying out - etc. - it is also possible to carry out **** removal. However, since it is also possible to 
be easy to contain an volatile high solvent qualitatively of a blanket-like object, and for a configuration to be able to 
deform moreover according to a pattern, and to pressurize coincidence moreover, it is desirable although a precise 
carbon nanotube film like the sample produced with the replica method is removed. 

[0042] Moreover, in case it ****, in order for the excessive force to also join a mask in addition to a nanotube, not mask 
material that transforms or is easy to crush, such as a resist and a tape, but a metal, glass, and a ceramic are good. When 
the organic substance etc. especially dissociates and it remains into an emitter portion, a gas evolution starts at the time 
of FED actuation, a degree of vacuum deteriorates, ionization of residual gas arises, and the abnormality discharge by 
discharge starts. Such a problem does not arise with a metal, glass, and a ceramic. Maintaining reinforcement, thin-film- 
izing is possible for especially a metal, and it is the most desirable. 

[0043] The refined carbon nanotube film can also apply this example. However, in the refined nanotube, when it **** 
by the quality of a blanket-like object which dipped the solvent, if the refined nanotube contains a solvent, swelling and 
deformation will be observed. Therefore, the edge of the ****(ed) nanotube swells up, and it deforms and a pattern 
deteriorates. Depending on the case, a crack arises at the time of desiccation. On the other hand, as for the nanotube 
which is not refined, swelling and deformation are hardly seen. Since there is particle, it is because a nanotube becomes 
entangled and it has become a firm film. 

[0044] Therefore, cost does not start as compared with the refined nanotube, but it becomes empty and it is [ the 
nanotube which is not refined does not have deterioration of the configuration of pattern NINGU, and ] desirable. 
[0045] The example 2 of [example 2] this invention is explained using drawing 5 . (1) of drawing 5 shows the cross 
section after forming the metaled cathode wiring 24 on a glass substrate 22 at a stripe-like pattern. As the formation 
method of cathode wiring, after forming a metal membrane in the whole surface of a glass substrate by vacuum 
evaporationo, the spatter, and the method of CVD and applying a resist, the method of exposing and developing 
negatives to a stripe-like pattern, etching a metal membrane, and exfoliating a resist after that is mentioned, for example. 

[0046] Then, as shown in (2) of drawing 5 , the single wall nanotube formed using the catalyst metal by the multi-wall 
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nanotube or arc discharge or the single wall nanotube which removed the catalyst metal is mixed with an organic binder, 
and it forms in the whole substrate of (1) of drawing 5 as a carbon nanotube film 26. As the formation method of a 
carbon nanotube film, there is a replica method etc., for example. 

[0047] Then, a resist 30 is applied in order to form the aluminum film 28 used as a mask on the carbon nanotube film 26 
of (2) of drawings , and to carry out pattern formation on this aluminum film continuously, as shown in (3) of drawing 
5. " * 

[0048] Then, as shown in (4) of drawing 5 , together with the cathode circuit pattern 24, exposure and development are 
performed for the above-mentioned resist 30 in the shape of a stripe. 

[0049] Then, as shown in (5) of drawing 5 , the aluminum film 28 is etched into a mask for the resist 30 by which 

patterning was carried out [ above-mentioned ]. 

[0050] Then, a resist is exfoliated as shown in (6) of drawing 5 . 

[0051] Then, as shown in (7) of drawing 5 , it removes by burning the carbon nanotube film exposed to the surface 
using a dry etching system, for example, 02 plasma ashing device. It includes with combustion here, not only when 
raising sample temperature, but 02 plasma activated without raising substrate temperature and the method of it being 
radical and oxidizing, i.e., ashing. 

[0052] Finally, as shown in (8) of drawing 5 , patterning of the carbon nanotube film can be carried out on the cathode 
wiring 24 by removing the aluminum film on the carbon nanotube film 26 by wet etching with phosphoric acid, 
especially the heated phosphoric acid. 

[0053] Even if the change with micro observation with an electron microscope was not observed, but the same emission 
current was obtained as compared with the nanotube film before patternizing the patternized carbon nanotube film 
which was formed by this example and it removed the aluminum film, it became clear that there is no damage. The 
perspective diagram of (8) of drawing 5 was shown in (9) of drawing 5 . 

[0054] carbon nanotubes [ in / since the pattern of the carbon nanotube obtained by this example bums as a mask and 
forms the aluminum film / a pattern edge ] - twining ~ there is nothing and a good configuration is acquired. 
[0055] In addition, although this example explained using 02 plasma ashing, etching by other dry etching methods, for 
example, sputter etching, chemical etching, reactant etching, reactant sputter etching, ion beam etching, and reactant ion 
beam etching is possible. 

[0056] Vapor etching or etching of radical content is chemical etching or reactant etching, and can remove the nano 
particle which is mainly concerned with a carbon nanotube or carbon using reactant gas, such as carbon, and oxygen 
which can carry out reaction removal, hydrogen. Although carbon association of the amorphous carbon which is 
wearing a carbon nanotube or carbon nano particle, and a catalyst surface of metal consists of 6 member rings or 5 
member rings, as compared with a carbon nanotube, association of carbon nano particle and **-ed [ catalyst surface-of- 
metal ] amorphous carbon is imperfect, and there are many 5 member rings and they tend to react to reactant gas. 
[0057] Therefore, when carrying out pattern NINGU of the carbon nanotube containing the amorphous carbon which is 
wearing carbon nano particle and a catalyst surface of metal, etching containing vapor etching or a radical is more 
effective. Furthermore, by etching containing vapor etching or a radical, not only the surface of the nanotube which 
carries out patterning but reactant gas turns also to the side wall and rear face of the nanotube near the surface, and nano 
particle, and is crowded, and it reacts with carbon alternatively, and can remove except a catalyst metal from it being 
isotropic etching quickly. By adding the production process which removes only the catalyst metal mentioned later, 
patterning of the carbon nanotube containing nano particle can be carried out. Since a resultant serves as gas, such as 
CO and C02, in the case of oxygen, it does not have the reattachment to a substrate, and it does not have the problem of 
surface contamination. The combustion required especially with oxygen is simple, and desirable. 
[0058] Next, the case where the spatter effect of ionicity is used is examined. Although a spatter and vacuum 
evaporationo are used for a carbon nanotube to leave when carrying out patterning and aluminum is covered with an 
example 2, the surface of a carbon nanotube has large irregularity and may especially fully be unable to cover aluminum 
inside concave. When reactant gas is used, there is a surroundings lump of gas, and when etching time is a long time, a 
carbon nanotube is etched from the portion which the protective coat has not folly covered. On the other hand, the 
rectilinear propagation nature of an ion kind is strong, and in order that an ion kind may advance from the upper surface, 
it is hard to give a damage, when it is with the sputter etching of ionicity to the carbon nanotube located in the lower 
part of a thick covering film. Since it is furthermore etching of an anisotropy, it can etch into a mask pattern faithfully 
and perpendicularly. Therefore, it is desirable to detailed patterning formation desirable although the carbon nanotube 
film which does not have content of catalyst **** especially among nano particle is removed and. 
[0059] There is no mask, although etching is possible, it is necessary to modulate a beam and the process time amount 
per area is required of ion beam etching and reactant ion beam etching. It is suitable for the display smaller than a large 
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area display. 

[0060] In addition, although this example showed the example which used the aluminum film as a mask at the time of 
02 plasma ashing, in case it removes, the metal which does not give a damage to a carbon nanotube, for example, 
titanium, gold, molybdenum, a tungsten, silver, etc. may be used. By titanium, an aqua regia can remove with a nitric 
acid and gold, and the mixed liquor of a hydrofluoric acid and a nitric acid can remove promptly in molybdenum at heat 
concentrated sulfuric acid or an aqua regia, and a tungsten. However, with a nitric acid, a sulfuric acid, and hydrogen 
fluoride, although there is a carbon nanotube then gradually, since it deteriorates, it is necessary to process by prolonged 
processing, within the conditions which do not receive deterioration of the emission in the case of being a damage, 
especially FED especially temperature, concentration, and predetermined time amount. At a room temperature, it can 
process without a damage by processing of less than 1 hour with 65% of nitric acids, 90% of sulfuric acids, 45% of 
hydrogen fluoride, and those mixture. Coverage is high, compared with other metals, it is cheap, and aluminum is [ the 
covering condition of a carbon nanotube, especially the crystal grain of aluminum are dense, and / deterioration of a 
carbon nanotube is not seen to the phosphoric acid which is moreover an etching reagent, but ] more desirable than other 
metals. 

[0061] On the other hand, its sputtering yield by ion is small, and the metal with large atomic weight is suitable as mask 
material, when it is the dry etching with the main spatter effect. Especially gold, a tungsten, and molybdenum are 
desirable to detailed patterning formation desirable although the carbon nanotube which resistance over a spatter cannot 
receive a **** and the damage directly under a mask from aluminum and titanium easily more than twice, therefore 
does not have content of catalyst **** especially among nano particle is removed and. 

[0062] Moreover, it is possible to use it, if it is the material which does not give a damage to a carbon nanotube, for 
example, a silicon dioxide, an aluminum oxide, etc. in case do not receive the damage in 02 plasma ashing and it is 
removed also except a metal. 

[0063] In the case of a metal, conductivity can use it as increase and a cathode electrode, does not need to form a 
cathode electrode separately, and is dominance. When giving a gate metal directly, or giving an insulator layer and a 
gate metal especially in the case of an insulator layer except a metal and forming triode structure, it can be used as an 
insulating layer between a gate metal and a cathode. By the case, additional insulator layer formation can be omitted and 
simplification of a process can be attained. 

[0064] Moreover, although the replica method was mentioned as the carbon nanotube film formation method of (2) of 
drawing 5 in this example, even if it uses methods, such as screen-stencil, formation of a carbon nanotube film can be 
performed easily. However, although density of a nanotube cannot be high and a nanotube cannot become entangled, 
and a pattern edge can be turned over by other patterning methods, or it cannot overflow and a beautiful pattern cannot 
be formed in a replica method, a pattern flat [ the surface ] and good moreover can be formed by this invention, and 
detailed pattern several 1 0 micrometers or less can be formed. 

[0065] On the other hand, as compared with the replica method, screen printing and a spray method can form a thin film 
easily all over the large area display beyond 30 inches or it, moreover, are a simple method and are suitable for the 
large-sized display for home use in the example 1 . In the example 2, a detailed pattern can be formed and it is suitable 
for manufacture of high definition plane mold television etc. 

[0066] Moreover, in this example, as shown in (6) of drawing 5 , the production process which exfoliates the resist on 
an aluminum film is included. However, even if it skips the production process of resist exfoliation, a resist is also 
removed by coincidence at the production process of 02 plasma ashing performed continuously. Therefore, even if it 
skips the production process of resist exfoliation, the pattern formation of a carbon nanotube is possible similarly. 
[0067] The example 3 of [example 3] this invention is explained using drawing 6 . (1) of drawing 6 shows the cross 
section after using methods, such as vacuum evaporationo, a spatter, and CVD, and forming a metal membrane 44 the 
whole surface on a glass substrate 42. 

[0068] Then, as shown in (2) of drawing 6 , a single wall nanotube is mixed for example, with an organic binder, and it 
forms as a carbon nanotube film 46. 

[0069] Then, as shown in (3) of drawing 6 , the aluminum film 48 used as a mask is formed on the above-mentioned 
carbon nanotube film 46, and a resist 50 is continuously applied on an aluminum film. 

[0070] Then, as shown in (4) of drawing 6 , exposure and development are performed for the above-mentioned resist 50 
in the shape of a stripe. Then, the aluminum film 48 is etched into a mask for a resist. 
[0071] Then, a resist is exfoliated as shown in (5) of drawing 6 . 

[0072] Then, patterning of the carbon nanotube film is carried out by burning the carbon nanotube film 46 exposed to 
the surface of the substrate of (5) of d r aw ing 6 using 02 plasma ashing device, and removing. For example, since many 
impurities, such as a catalyst metal, are included in the case of the single wall nanotube, as shown in (6) of drawing 6 , 
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the impurities 52, such as a catalyst metal, remain into the portion by which a mask is not carried out by the aluminum 
film. Between patterns, impurities, such as a catalyst metal which remained, cause a short circuit electrically, and, in the 
case of FED, are malfunctioning. 

[0073] However, if the etching reagent of a substrate metal is made continuously immersed in this condition, the carbon 
nanotube film by which patterning was carried out will serve as a mask, and a substrate metal will be etched. Lift off of 
the impurities, such as a catalyst metal, is carried out, and they are removed by coincidence. 
[0074] Even if it uses and **** [ pressurize and ] quality of a blanket-like object which fully contained the etching 
reagent also in the case of the example 1 , nano particle and few carbon nanotubes may remain, but if a substrate metal is 
made continuously immersed in an etching reagent, the carbon nanotube film by which patterning was carried out will 
serve as a mask, and a substrate metal will be etched. Lift off of the nano particle is carried out, and it is removed by 
coincidence. 

[0075] Finally the aluminum film for masks is etched, and as shown in (7) of drawing 6 > the pattern of cathode wiring 
and a carbon nanotube film is formed in coincidence. The perspective diagram of (7) of drawing 6 was shown in (8) of 
drawing 6 . 

[0076] carbon nanotubes [ in / since the pattern of the carbon nanotube obtained by this example bums as a mask and 
forms the aluminum film / a pattern edge ] twining -- there is nothing and a good configuration is acquired. 
[0077] In addition, although this example showed the example which formed what mixed the organic binder with the 
single wall nanotube as a carbon nanotube film, also when what mixed the multi-wall nanotube and the refined single 
wall nanotube with organic BAINDA is formed as a carbon nanotube film, it can apply. In that case, by impurities, such 
as a catalyst metal shown in (6) of drawing 6 , not being exposed, etching a substrate metal by using as a mask the 
carbon nanotube by which patterning was carried out, and etching the aluminum film for masks, as shown in (7) of 
drawing 6 , cathode wiring and a carbon nanotube film can form in coincidence, simplification of a production process 
can be attained as compared with the case where the carbon nanotube film containing nano particle is used, and it is 
advantageous. 

[0078] [Example 4] An example 4 is explained below. In the example 3, when the carbon nanotube containing carbon 
nano particle is performed by 02 plasma treatment, as shown in (6) of drawing 6 , as for the portion by which a mask is 
not carried out, the impurities 52, such as a catalyst metal, remain. It is possible to replace a type of gas with further 
after this, and to carry out dry etching of the catalyst metal. Although catalyst metals are iron, nickel, cobalt, an yttrium, 
a lanthanum, etc., the spatter of them can be carried out by ionicity gas, such as milling. 

[0079] Furthermore, reactivity can be raised using reactant gas, especially the gas of a halogen system, for example, 
chlorine, a hydrochloric acid, 3 chlorination boron, 6 sulfur fluorides, hydrogenation bromine, etc., and a catalyst metal 
can be removed. Furthermore, etching of ionicity is more effective with reactant types of gas, such as a radical. While 
raising reactivity and promoting a reaction, a spatter can be carried out by ionicity gas, and a resultant can be removed 
from the surface. 

[0080] In addition, as the example 3 described, when an aluminum film is used as mask material, modification of mask 
material with catalyst metals, such as a resist, and selectivity or the addition of patterning may be required. However, it 
replaces with an aluminum film, when it adjusted and carries out in the thickness borne enough by the time amount in 
which a residual catalyst metal carries out a spatter using a metal with a large atomic weight with the resistance oyer a 
spatter, for example, gold, molybdenum, a tungsten, etc., there is no modification of a mask etc. and there is no addition 
of a production process, and as compared with aluminum, it is desirable. 

[0081] If the time amount which a carbon nanotube exposes is adjusted short and deterioration is suppressed although 
an aluminum film is also removed when an aluminum film is used as it was, the carbon nanotube by which patterning 
was carried out without the production process which removes an aluminum film separately will be formed. 
[0082] When removing the iron which is a catalyst metal, nickel, cobalt, an yttrium, and a lanthanum using reactant gas, 
especially halogen system gas, by heating a substrate, removal can be accelerated and it is effective. Vapor pressure can 
be made high by heating the halogenated compound of the above-mentioned catalyst metal, although vapor pressure is 
low in ordinary temperature, and removal is accelerated. 
[0083] 

[Effect of the Invention] As mentioned above, while being able to perform easily detailed pattern formation of the 
carbon nanotube film which twined and existed according to the pattern formation method of the carbon nanotube 
concerning this invention, for example with a replica method, the configuration of a pattern edge is well good again, and 
surface smoothness can form the carbon nanotube pattern whose reliability in the insulation between elements 
improved. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can riot be translated. 
3. In the drawings, any words are not translated. 
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